Land Reclamation, Landslide Treatment, 433-1

Land Reclamation
Landslide Treatment (No. and ha, acre)

Definition

Treating Inplace material, mine spoil (excavated over-
burden), mine waste, or overburden (o reduce down-
slope movement.

Scope

This practice applies to landslides or potential
landslides.

Purpose

To prevent or stabilize landslides 10: protect life and
properly, prevanl excessive erosion and sedimenia-
tion; improve water quality and landscape resource
quality; and to create s condilion conducive (o estab-
lishing surface protection and benaficial land use.

Conditions where practice applies

To areas where inplace material, mine spoil, waste,
or overburden Is unstable, moving, or judged 1o have
potential of moving downslope in a mannar that will
cause damage to life, property, or the envircnmant
and produce excessive sediment and debris. Land re
construction is normelly sszociated with this
practice,

Planning considerations

1. Geology of the area and associated subsurfacs
condilions.,

2. Type and amount of spoil or waste.

3. Topography of the slide and adjacent areas,
including known or estimated pre-mine, precon:
struction, or pre-slide conditions.

4. Surface drainage and runofl pallerns,
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5. Ground-waler profiles, sespage patlerns, and

sources of subsurface waler.

Land usa, dweallings, roads, strucluras, and watar

disposal system.

7. Procedures used during mining operations or con-
struction. .

B. Slide potential during Investigation and c<on-
struction.

9. Rainfall and runotf.

=

Landslides result from a combination of several
faclors, the most important being static load, slope
of the surface and sllp zona, the aoll characteristics
in the slip zone, and the presence of water. The key 1o
contral 18 1o bring about a favorable balance batween
the load that creates the tendency to mova and the
resisting forcas that restrain movemant. This can be
done by reducing the load, reducing the slope, in-
creasing Internal strength, and providing external
raslraining lorces. A good reference on landslides is
the publication “Landslides: Analysis and Control,”
1878, Transporiation Research Board, National
Academy of Sciences, Special Report 176, 234 p,

Investigations. Investigalions are to be made to
determine:

1. Surface profiles, cross sectlons, and topographic
features,

2. Geologlc profiles and cross sectlons showing atti-
lude and condition of sirata and delails of the slip
zone.

3. Soil properties, including gradation, density,
strength, and physical and chemical character-
istlcs.

4. Ground-water conditions,

5. Depth and volume of material involved.

6. Extent ol problem or potential problem area.

7. Estimated pre-slide profile and subsurface
conditions.

8. Condilions where slopes are stable in similar

materials.

Extrems caution must be exercised and careful
planning is required before permitting any drilling
equipmeant, construclion machinery, or personnal in
the slide area. A slide is often activa only during wet
periods and may be comparatively stable during dry
pericds, With this in mind, heavy drilling and
machinery work should be scheduled during dry
pEriods,

Design considerations and crileria

In most cases the unstable or potentially unstable

conditions cannot be attributed to one cause, There-
fore, the splution is usually a combination of traat-
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menl measures, each elther increasing the internal
strength or decreasing the external load 12 the paint
where reguired stabilily is oblained.

Slope stabllity. Measures developed {o prevent or
stabllize slides shall be based on anginesring analy-
sis and judgement made by an engineer trained and
experienced in soll mechanics, Slides are the most
complex ol geolechnical problems requiring analy-
Bls. The best available expentisa in soll enginesring Is
needed and experl consullanis should be hired, if
necessary,

Slope stability analysis shall account for all eritical
soil and loading conditions. The slrength parametars
of natural soil and rock or of waste materials shail ba
based on the appropriate conditions lor pach slide.
Long-arm strength parameters {c = 0 and internal fric-
tion based on residual shear) are often required. The
methods of slope stability analysis are to be appro-
priate for the loading conditions and for the location
and shape of sliding or potential fallure surfaces. Ap-
propriate satety factors shall be provided based on
the degree ol uncertainty in the soll strength valuas
used, the soil and waler conditions assumed, and the
detall of the analysis used,

When there is a potential tor loss of life or damage
to farmsteads, residential areas, frequently traveled
roads, any occupled lacilities, or important public
utilities, the measuras shall include removal of the
malerial subject to sliding or any other control to en
sure salely,

Earthquake or seismic forces are to be considared
on major high hazard sites. The criteria as contained
in Technical Relsase No, 60 for earth dams shall
apply for geclogic investigations, seismic assess.
mente, and minimum seismic coafficients associ-
ated with earthquakes.

Water control. Water creates problems in two ways.
The addition of water to the material above the slip
zone increases the (oad. It also acls as a lubricant, or
increases pore prassure within the slide material and
in the slip area, thereby reducing internal strength. In
both cases water increases the potential for sliding.

There are three major sources of water within the
slide area—surface runoff that finds its way onto the
slide area, precipilation directly on the surface, and
subsurface water from known or unknown sources. A
combination of these sources usually contributes to
the excessive water problem,

Surface runotf water. Runoff water from outside
areas Is to be controlled by using diversions, asso-
ciated structures, and conveyance systems.

Water from direct prscipitation, Infiltration can be
limited and controlled by providing positive suriace
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drainage, sealing the surface cracks and braaks on the
slide and adjacen! areas, and establishing vegetation.
Grading and shaping may be required to provide posi:
tive surface drainage. Terraces, structures, and watar-
ways ara to be installed as needed to provide safe
waler disposal without erosion and with positive
grade to reduce seepage. Cut and 1l to a depth of 0.9
1012 m (3 1o 4 #) may be required 10 reduce surface in-
filtration and seal cracks and breaks, Compaction of
the material will further reduce infiltration, but care
musl be taken 1o prevent axcassive compaction which
would restrict vegatalive eslablishment. Establishing
& vigorous vegetative cover will increase evapotrans-
piration and control erasion.

Ground water. Ground water that contributes to In-
stability is to be controlled. Many slides remaln ac
live during the reconstruction period and further
movemenl can be expacted. Therelore, dralnage sys-
lams are to be designed to remain operative atter
limited movamant. Pipas must be used with caution
because of the potential of breaking andfor misalign.
menl with further movement. Flat or naarly flal gra-
dients should not be used for the same reasons, A
properly designed filter shall be used 1o pravenl clog-
ging of the drains,

Earth materal conirol. Earth matarial and internal
water are the load factors thal contribute to the un-
stable conditions thal cause slides. Treatmeant con-
sists of removing aarth material o reduce the load
and slope, increasing the internal strangth of the
earth material, and providing external restrainls to
movement.

Loading eontrel. In most cases loading control con-
sists of remaving excess material to a safe location.
However, in some instances the solution may be add-
ing material 1o the toe of the slids arsea to increasa
the load, resisting further movemenl. Remaval of
slide debris from the toe {downhlll side) of the alids
usually will increase the instability and cause furthar
slide movermant.

Slope reduction. Slope can sometimes ba reducad by
grading and shaping to eliminate critical slopes
within the slide area. It can also be reduced as a
result of loading control measures.

Increasing Inlemal strength. Reducing the Internal
waler of the slide material, removing or replacing the
slide material, incorporating any admixture neaded
into 1t, and compacting it can increase the intemal
strength lo resist a tendency to slide.

Exlamal reslrainis. In some cases, buttressas, bulk-
haads, retaining walls, pilings, lisback anchors, and
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gabions can be used o restrain further slide move-
man!. These siructures may provide the only practi-
cable solution where highvalued improvements are
Invalved and movement must be contained in a shon
distance. The sltruclures are normally very expensive
and are wsually not practicable otherwise. They also
requlre complex design analyses, using the expeartise
ol geologists, soil mechanics engineers, and struc-
lural engineers.

Componenl praclices. All individual practices in-
stalled as a component of landslide treatment are 1o
be designed and nslalled in accordance with
applicable SCS standards and specifications. i SCS
slandards are nol available, the praclice is o be
designed and installed using current engineering
tachnology

Environmental. All disturbed areas are to be provided
with adeqguate water disposal systems and estab
Hshed to vegelalive cover, or olherwise protected, to
control erosion and sediment as soon as practicabie,
Temporary protective measures will ba necessary if a
long delay Is anlicipated in establishing permanent
cover, Foot and vehlcular traffic is to be controlled to
protect the area,

Visual resources are to be given the same consid-
eration as other design features during planning,
design, and installation. All disturbed areas shall be
rashaped and regraded 1o blend in with the surround-
ing land leatures,

Maintsnanca

The maintenance plan is 1o include periodic inspec:
lions because of the polential for additional move-
mant, fallure of water disposal sysiems, fallure of
vegetation, and other problems. The water disposal
syslem, subsurface drainage sysiem, access roads,
and vegelalive cover ara o be maintalned to accom-
phish tharr intended purposes. Necessary mainte-
nance and repair aclivities are to ba inltlated promptly.

Plans and specilications

Plans and specifications for slide treatment shall be
In keaping with this standard and shall describe the
requirements for applying the practice 1o achieva the
intended purpose.
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